
(19) United States 
US 2008O161155A1 

(12) Patent Application Publication (10) Pub. No.: US 2008/0161155A1 
SUZUKI et al. (43) Pub. Date: Jul. 3, 2008 

(54) TRANSMISSION, STRADDLE-TYPE 
VEHICLE PROVIDED WITH THE SAME, AND 
CONTROL METHOD FORTRANSMISSION 

(75) Inventors: Masaya SUZUKI, Shizuoka (JP): 
Kazutaka HIROI, Shizuoka (JP) 

Correspondence Address: 
HOGAN & HARTSON L.L.P. 
1999 AVENUE OF THE STARS, SUITE 1400 
LOS ANGELES, CA 90067 

(73) Assignee: YAMAHAHATSUDOK 
KABUSHIK KAISHA, Iwata-shi 
(JP) 

(21) Appl. No.: 11/959,373 

(22) Filed: Dec. 18, 2007 

AREA OFLAY 
MEASUREMENPROCESS 

LIGHT (FLASHWARNING LAMP 

(30) Foreign Application Priority Data 

Dec. 28, 2006 (JP) ................................. 2006-354O49 
Publication Classification 

(51) Int. Cl. 
FI6H 59/72 (2006.01) 

(52) U.S. Cl. .......................................................... 477/98 
(57) ABSTRACT 

An electronically controlled transmission in which a single 
drive motor is used to drive a shift shaft, in which shift shock 
is reduced during continuous running. The transmission has a 
shift shaft, an actuator, a gearbox and a control portion. The 
actuator causes the shift shaft to rotate. The gearbox includes 
a gear shift mechanism, a clutch mechanism, and a crankcase 
that houses the gear shift mechanism and the clutch mecha 
nism. The gear shift mechanism is activated in association 
with rotation of the shift shaft. The clutch mechanism con 
nects and disconnects transmission of power to the gear shift 
mechanism from the engine in association with rotation of the 
shift shaft. The control portion controls the actuator based on 
the temperature of the gearbox. 
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TRANSMISSION, STRADDLE-TYPE 
VEHICLE PROVIDED WITH THE SAME, AND 
CONTROL METHOD FORTRANSMISSION 

RELATED APPLICATIONS 

0001. This application claims the benefit of priority under 
35 USC 119 of Japanese patent application no. 2006-354049, 
filed on Dec. 28, 2006, which application is hereby incorpo 
rated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to a transmission for a 
straddle type vehicle and, in particular, relates to an electroni 
cally controlled transmission that uses an actuator to engage 
and disengage a clutch and to perform a shift operation of a 
gearbox, and a control method for the transmission. 
0004 2. Description of Related Art 
0005. Manual transmissions typically have a clutch lever 
for engaging and disengaging a clutch, and a shift pedal for 
performing gear change. When a shift change is performed, 
the rider must operate both a clutch pedal and the shift pedal. 
As a result, there is demand for a transmission that allows a 
shift change to be performed more simply, and that is easier 
for the rider to use. 
0006. In light of this demand, a manual transmission has 
been proposed that allows both engagement and disengage 
ment of a clutch and a gear change to be performed by foot 
operation of a shift pedal that is connected to a shift shaft 
(transmission shaft). Thus, the rider can perform a shift 
change by just operating the shift pedal. Further, the trans 
mission has a relatively simple structure and low cost. 
0007. In order to improve ease of use for the rider still 
further, an electronically controlled transmission has also 
been proposed in which the shift shaft is driven by a drive 
motor. For example, JP-A-11-082709 and U.S. Pat. No. 
6,085,607 propose an electronically controlled transmission 
in which a shift shaft is driven by a single drive motor. In this 
electronically controlled transmission, a shift change is per 
formed just by a simple Switch operation. Operations that 
require great proficiency, like partial clutch engagement, are 
not necessary. With this electronically controlled transmis 
sion, the shift shaft is driven by the single drive motor. As a 
result, the electronically controlled transmission is simple 
and has a low cost. 
0008. However, the inventors of the present invention have 
found that if a vehicle mounted with the electronically con 
trolled transmission described in JP-A-11-082709 and U.S. 
Pat. No. 6,085,607 is run continuously, there is variation in 
the magnitude of the shift shock that occurs during shifting. 
More specifically, as the vehicle is continuously run, the shift 
shock becomes relatively large as compared to immediately 
after start up. 
0009. With a manual transmission having a foot-operated 
shift pedal, a rider who is highly proficient in the shift opera 
tion can sense variation in the magnitude of the shift shock 
during continuous running, and can rapidly adjust the shift 
pedal operation in accordance with this variation. As a result, 
the magnitude of the shift shock does not vary that signifi 
cantly. 
0010. It is possible to reduce variation in the magnitude of 
the shift shock during continuous running even with an elec 
tronically controlled transmission. More particularly, the 
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shift operation can be minutely adjusted in accordance with a 
plurality of sensors provided in the transmission. However, as 
described above, the key features of an electronically con 
trolled transmission that has a shift shaft driven by a single 
drive motor are ease of use and simplicity. If a plurality of 
sensors is disposed in the transmission, the structure becomes 
complicated and simplicity is lost. 

SUMMARY OF THE INVENTION 

0011. The invention has been devised in light of these 
circumstances and reduces shift shock that occurs during 
continuous running in an electronically controlled transmis 
sion, in which a shift shaft is driven by a single drive motor, 
without use of a complicated structure. 
0012. A transmission according to the invention includes a 
shift shaft; an actuator, a gearbox; and a control portion. The 
actuator causes the shift shaft to rotate. The gearbox includes 
a gear shift mechanism, a clutch mechanism, and a case that 
houses the gear shift mechanism and the clutch mechanism. 
The gear shift mechanism is actuated in association with 
rotation of the shift shaft. The clutch mechanism connects and 
disconnects transmission of power from the engine to the gear 
shift mechanism in association with rotation of the shift shaft. 
The control portion controls the actuator based on a tempera 
ture of the gearbox. A straddle type vehicle according to the 
invention is provided with the above-described transmission. 
0013 The invention also provides a control method for 
controlling a transmission including a shift shaft; an actuator; 
and a gear box. The actuator causes the shift shaft to rotate. 
The gear box includes a gear shift mechanism, a clutch 
mechanism, and a case that houses the gear shift mechanism 
and the clutch mechanism. The gear shift mechanism is actu 
ated in association with rotation of the shift shaft. The clutch 
mechanism connects and disconnects transmission of power 
from the engine to the gear shift mechanism in association 
with rotation of the shift shaft. The control method according 
to the invention controls the actuator based on a temperature 
of the gearbox. 
0014. The invention reduces shift shock that occurs during 
continuous running without use of a complicated structure. 
0015. Other features and advantages of the invention will 
be apparent from the following detailed description, taken in 
conjunction with the accompanying drawings which illus 
trate, by way of example, various features of embodiments of 
the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a left side view of a motorcycle that embod 
ies the invention. 
0017 FIG. 2 is an enlarged perspective view of a steering 
handle section of the motorcycle. 
0018 FIG. 3 is a cross sectional view of an engine unit of 
the motorcycle, with a focus on one section thereof. 
0019 FIG. 4 is a cross sectional view of the engine unit. 
0020 FIG. 5 is an enlarged cross sectional view of a torque 
conversion mechanism of the motorcycle. 
0021 FIG. 6 is an exploded perspective view of a gear 
selection mechanism of the motorcycle. 
0022 FIG. 7 is a block diagram of a control portion 
mounted in the motorcycle. 
0023 FIG. 8 is a diagram of a shift change operation 
according to the invention. 
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0024 FIG.9 is a diagram of a shift up operation according 
to the invention. 
0025 FIG. 10 is a diagram of a shift down operation 
according to the invention. 
0026 FIG. 11 is a graph that shows a relationship accord 
ing to the invention of a rotational position of a shift shaft and 
drive torque of an actuator that drives the shift shaft. 
0027 FIG. 12 is a flow chart of a part of a play measure 
ment process according to the invention. 
0028 FIG. 13 is a flow chart of area part of the play 
measurement process. 
0029 FIG. 14 is a diagram that illustrates the rotational 
operation of the shift shaft. 
0030 FIG. 15 is a graph of a correction function AT(t) 
according to the invention. 
0031 FIG. 16 is a graph that shows change in the correc 
tion value AT. 
0032 FIG. 17 is a graph that shows the relationship of 
correction functions and engine speed according to the inven 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

0033. The events that led to the realization of the invention 
are first explained. The inventors, based on perceptive 
research, found that, regardless of whether the operation of 
the motor driving the shift shaft is constant, when the vehicle 
is continuously run, there is variation in the magnitude of shift 
shock. In addition, the inventors found that the variation in 
magnitude of shift shock is caused by temporal variations in 
a clutch engagement state while the vehicle is continuously 
U. 

0034. Moreover, the inventors have found that the varia 
tion of the clutch engagement state is caused by temperature 
changes of the gearbox in the electronically controlled trans 
mission. More particularly, the change in the clutch engage 
ment state is caused by an increase in the temperature of the 
gear box during continuous running. A change in the tem 
perature of the gearbox causes a particularly large change in 
the clutch engagement state in electronically controlled trans 
missions that have a comparatively large number of compo 
nents. Therefore, the inventors devised the invention based on 
the hypothesis of controlling rotation of the shift shaft based 
on the temperature of the gearbox. 
0035 An embodiment of the invention is explained with 
reference to a moped type motorcycle 10 shown in FIG. 1. 
However, a straddle type vehicle according to the invention is 
not limited to a moped type motorcycle and may be, for 
example, a motor cycle type motorcycle, a Scooter type 
motorcycle, an offroad motorcycle or the like. In addition, the 
straddle type vehicle may not be a motorcycle and may be, for 
example, an ATV (All Terrain Vehicle) or a snow mobile. 
0036 – Overview of the Structure of Motorcycle 10– 
0037 FIG. 1 is a side view of motorcycle 10. In the fol 
lowing description, the directions front and rear, and left and 
right are from the perspective of a rider seated on a seat 16. 
0038 Motorcycle 10 has a body frame 11 including a 
steering head pipe 12, a main frame 13, a pair of seat rails 14, 
and a pair of back stays 15. Steering head pipe 12 extends 
diagonally downwards toward the front from a steering 
handle 20. A lower end of steering head pipe 12 is connected 
to a front wheel19 via afront fork 18. A front fender 31 covers 
above and to the rear of front wheel 19. 
0039. Main frame 13 extends diagonally downwards to the 
rear from an intermediate section of steering head pipe 12. 
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Seat rails 14 extend slightly diagonally upwards to the rear 
from an intermediate section of main frame 13. Back stays 15 
extend diagonally upward to the rear from an end section of 
main frame 13. A tip of each back stay 15 is connected to an 
intermediate section of seat rails 14. Seat rails 14 are Sup 
ported at a rear section thereof by back stays 15. A vehicle 
body cover 21 including a main cover 21a and a side cover 
21b mainly covers the top, left and right sides of body frame 
11. Motorcycle 10 is also provided with a front cowl 33 and 
left and right leg shields 34. 
0040. A left and right pair of first engine brackets 22 that 
protrudes downwards is attached to the intermediate section 
of main frame 13. A left and right pair of second engine 
brackets and a rear arm bracket are respectively attached to a 
rear end section of main frame 13. In the following explana 
tion, brackets and the like that are provided on main frame 13 
are treated as being part of body frame 11. 
0041. The above-described rear arm bracket protrudes 
downwards from a rear end section of main frame 13. A pivot 
shaft 86 provided on the rear armbracket swingably supports 
a front end section of a rear arm 25. A rear wheel 26 is 
supported by a rear end section of rear arm 25. A rear half of 
rear arm 25 and body frame 11 are connected by a cushion 
unit 27. A rear fender 32 covers the area diagonally rearward 
and upward from rear wheel 26. 
0042. An engine unit 28 that drives rear wheel 26 is sup 
ported by body frame 11. Engine unit 28 includes a cylinder 
43 that extends forward, or forward and diagonally upward, 
from a crank case 35. 
0043 Foot rests 85 are disposed to left and right sides of 
engine unit 28. Foot rests 85 are attached to crank case 35 via 
an attachment plate 88 that is fixed to a connecting pole 87. 
0044 FIG. 2 is an enlarged perspective view of a section of 
steering handle 20. As can be seen from FIG. 2, a switchbox 
94 having a shift switch95 is provided inside a left hand side 
grip of steering handle 20. Shift switch 95 is configured by, 
for example, a shift up switch95a and a shift down switch 
95b. Shift up switch95a is manually operated to shift up a 
gear box 38 and shift down switch 95b is manually operated 
to shift down gear box 38. 
0045 – Overview of the Structure of Engine Unit 28– 
0046) Next, the structure of engine unit 28 is explained 
with reference to FIGS. 3 and 4. As can be seen in FIG. 3, 
engine unit 28 includes an engine 29, a centrifugal clutch 36. 
a transmission 1 and a generator 51. Engine 29, centrifugal 
clutch 36, transmission 1 and generator 51 are housed in 
crank case 35. Transmission 1 is connected to and transmits 
driving force of engine 29. More specifically, transmission 1 
is connected to a crank shaft 30 of engine 29 via centrifugal 
clutch 36. Alternatively, transmission 1 may be directly con 
nected to engine 29. 
0047. In this embodiment, engine 29 is a single cylinder 
4-stroke engine. However, engine 29 may be a 2-stroke 
engine or may be an engine with multiple cylinders. Further, 
another type of drive source Such as an electric motor may be 
used instead of or in combination with engine 29. 
0048 - Detailed Structure of Engine Unit 28– 
0049. The structure of each element of engine unit 28 is 
now explained in detail. 
0050 (Centrifugal Clutch 36) 
0051 Centrifugal clutch 36 controls transmission of the 
driving force of engine 29 to rear wheel 26 when the engine 
speed is low, for example, during idling or immediately after 
starting to drive. 
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0052. As can be seen from FIG.4, centrifugal clutch 36 is 
attached to a right end section of crank shaft 30. Centrifugal 
clutch 36 is provided with a clutch housing Surrounding a 
clutch boss. The clutch boss is fixed to and rotates with crank 
shaft 30, and the clutch housing is rotatable with respect to 
crank shaft 30. 
0053 When rotation speed of the clutch boss of centrifu 
gal clutch 36 is low, the clutch housing rotates relative to the 
clutch boss. On the other hand, when rotational speed of the 
clutch boss is high, the clutch housing is not able to rotate 
relative to the clutch boss, that is, the clutch housing rotates 
along with the clutch boss. As a result, when the rotation 
number per unit time (engine speed) of engine 29 is low, Such 
as during idling or the like, centrifugal clutch 36 is disen 
gaged. When engine speed increases during running, cen 
trifugal clutch 36 is engaged. 
0054 (Structure of Transmission 1) 
0.055 Transmission 1, as can be seen in FIG. 4, has an 
actuator 75, gear box 38, a shift shaft 70 and an ECU 100 
(FIG. 7). Actuator 75 includes a motor that rotates shift shaft 
70, a rotational position sensor 106 (FIG. 7) and a speed 
reduction mechanism connected to the motor. Rotational 
position sensor 106 detects the rotational position of shift 
Shaft 70. 
0056 (Gear Box38) 
0057 Gear box 38 includes a clutch mechanism 2 and a 
gear shift mechanism3. Clutch mechanism 2 includes a vari 
able speed clutch37 and a clutch transmission mechanism 40. 
Variable speed clutch 37 is connected to engine 29 via cen 
trifugal clutch 36. In addition, variable speed clutch 37 is 
connected to gear shift mechanism 3 via a main shaft 44. 
Variable speed clutch 37 disengages driving force that is 
transmitted from engine 29 to gear shift mechanism 3. Clutch 
transmission mechanism 40 actuates variable speed clutch 37 
in association with rotation of shift shaft 70. 
0.058 Structure of Variable Speed Clutch 37 
0059. In this embodiment, variable speed clutch 37 is a 
multiplate wet clutch that is lubricated using lubricating oil. 
However, variable speed clutch 37 may be a dry clutch that 
does not use lubricating oil. The lubricating oil of variable 
speed clutch 37 may be commonly used by engine 29, or 
variable speed clutch37 and engine 29 may use separate oils. 
0060 Variable speed clutch37, as can be seen from FIG.4, 
includes a clutch boss 37a surrounded by a clutch housing 
37b. Clutch boss 37a is attached to main shaft 44 that is 
parallel with crank shaft 30 such that clutch boss 37a cannot 
rotate. On the other hand, clutch housing 37b can rotate with 
respect to main shaft 44. A gear 42 formed in clutch housing 
37b meshes with a gear 41 formed in centrifugal clutch 36. As 
a result, when the clutch housing of centrifugal clutch 36 
rotates, clutch housing 37b also rotates. 
0061 Clutch boss 37a is provided with a plurality of fric 
tion plates 39a that have a ring shape and that are arranged at 
generally equal distances apart from each other. The intervals 
between neighboring friction plates 39a can be varied. Clutch 
housing 37b is provided with a plurality of clutch plates 39b 
that have a ring shape and that are arranged at generally equal 
distances apart from each other. The intervals between neigh 
boring clutch plates 39b can be varied. Friction plates 39a are 
positioned between clutch plates 39b, that is, friction plates 
39a and clutch plates 39b are staggered. 
0062. A pressure plate 37c is disposed to the right side of 
clutch boss 37a and can move in the axial direction of main 
shaft 44. Pressure plate 37c is urged by a compression spring 
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60 to the left. As a result, the urging force of compression 
spring 60 causes the intervals between neighboring friction 
plates 39a and neighboring clutch plates 39b to be reduced, 
whereby friction plates 39a and clutch plates 39b are pressed 
together. As a result, friction generated between friction 
plates 39a and clutch plates 39b causes centrifugal clutch 36 
to rotate, thereby causing clutch boss 37a and main shaft 44 to 
rotate along with clutch housing 37b. 
0063 As explained later, when variable speed clutch 37 is 
disengaged, friction plates 39a and clutch plates 39b are 
separated from each other. Thus, clutch housing 37b rotates 
along with rotation of centrifugal clutch 36, but clutch boss 
37a and main shaft 44 do not rotate. 

0064 Structure of Clutch Transmission Mechanism 40} 
0065 Variable speed clutch 37 is connected to and actu 
ated by clutch transmission mechanism 4.0. Clutch transmis 
sion mechanism 40 includes a torque converting mechanism 
270, a pressure lever 219, a support shaft 295, a first push rod 
527, a ball 528 and a second push rod 529. Torque converting 
mechanism 270 is attached to shift shaft 70 and converts 
rotary motion of shift shaft 70 to axial direction reciprocating 
motion of shift shaft 70. One end of pressure lever 219 is 
connected to torque converting mechanism 270. A central 
section in the longitudinal direction of pressure lever 219 is 
supported by support shaft 295 so as to be capable of swing 
ing. The other end of pressure lever 219 is connected to one 
end of first push rod 527. First push rod 527 is slidably 
inserted in a through hole 44a that passes through main shaft 
44 in the axial direction of main shaft 44. In addition, ball 528 
and second push rod 529 are inserted in through hole 44a. 
Ball 528 is disposed between first push rod 527 and second 
pushrod 529. Second pushrod 529 has a flange 529b. Flange 
529b abuts against pressure plate 37c via a bearing 533. 
0.066 FIG. 5 is an enlarged cross sectional view of torque 
converting mechanism 270. Torque converting mechanism 
270 is provided with a first and second camplates 283 and 284 
that are disk shaped. Second cam plate 284 faces first cam 
plate 283. First camplate 283 is fixed by a connecting pin 281 
to shift shaft 70 such that first cam plate 283 is not capable of 
rotating and cannot be displaced. As a result, first cam plate 
283 rotates along with shift shaft 70. On the other hand, 
second cam plate 284 is fixed to a boss 289. Boss 289 can 
rotate with respect to shift shaft 70 and can slide in the axial 
direction of shift shaft 70. A lower end Section of boss 289 
abuts against a left end tip of pressure lever 219 via a pressure 
plate 292. A helical compression spring 293 is disposed 
between boss 289 and pressure plate 292. 
0067. Three first cam grooves 285 that extend in a circum 
ferential direction are formed in the surface of first cam plate 
283 that faces second cam plate 284. Three second cam 
grooves 286 are formed in the surface of second camplate 284 
that faces first camplate 283. Each groove 286 is shorter than 
the corresponding groove 285. More particularly, each first 
cam groove 285 extends further to the outer side in the cir 
cumferential direction than the corresponding second cam 
groove 286. Balls 287 are disposed between first cam grooves 
285 and second cam grooves 286. Note that, FIG. 5 only 
shows one pair of cam grooves 285 and 286, and one ball 287. 
0068 (Structure of Gear Shift Mechanism 3} 
0069. As can be seen from FIG. 3, gear box 38 includes a 
drive shaft 45 that is disposed substantially parallel to main 
shaft 44. Drive shaft 45 is connected to rear wheel 26 via a 
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power transmission means 55 (FIG. 1). Power transmission 
means 55 may be, for example, a chain, a belt, a drive shaft or 
the like. 

0070 A plurality of speed change gears 46 are provided in 
an outer periphery surface of main shaft 44. A plurality of 
speed change gears 47 are provided in an outer periphery 
surface of drive shaft 45. Speed change gears 47 and speed 
change gears 46 are inter-meshed with each other. More spe 
cifically, a selected one of speed change gears 46 rotates along 
with main shaft 44. Further, a selected one of speed change 
gears 47 rotates along with drive shaft 45. At least one of 
speed change gears 46 and speed change gears 47 that have 
not been selected rotate idly with respect to main shaft 44 or 
drive shaft 45. Accordingly, driving force of main shaft 44 is 
transmitted to drive shaft 45 via one of the pairs of selected 
speed change gears 46 and speed change gears 47. Gear shift 
mechanism 3 is formed by speed change gears 46, speed 
change gears 47 and a gear selection mechanism 4. 
0071 FIG. 6 is an exploded perspective view of gear selec 
tion mechanism 4. Gear selection mechanism 4 is a mecha 
nism for selecting the speed change gears 46 that rotate along 
with main shaft 44 and the speed change gears 47 that rotate 
along with drive shaft 45. Gear selection mechanism 4 
includes shift forks 111a, 111b, slide rods 112a, 112b, a shift 
cam 113 and a ratchet mechanism 115. Shift forks 111a, 111b 
are not capable of rotating with respect to shift cam 113. Shift 
fork 111a can slide speed change gears 46 in the axial direc 
tion of main shaft 44. Slide rod 112a supports shift fork 111a 
such that shift fork 111a can move in the axial direction of 
shift cam 113. An engagement pin 114a attached to slide rod 
112a engages with a cam groove 113a formed in the outer 
periphery of shift cam 113. Shift fork 111b slides speed 
change gears 47 in the axial direction of drive shaft 45. Slide 
rod 112b supports shift fork 111b such that shift fork 111b can 
move in the axial direction of shift cam 113. An engagement 
pin 114b attached to slide rod 112b is engaged with cam 
groove 113a formed in the outer periphery of shift cam 113. 
0072 Shift cam 113 is connected to shift shaft 70 via 
ratchet mechanism 115. Ratchet mechanism 115 rotates shift 
cam 113 each time shift shaft 70 rotates by a determined 
angle. As a result, shift forks 111a, 111b move in a regular 
manner. More particularly, ratchet mechanism 115 has a for 
ward-reverse direction ratchet function that shifts one speed 
at a time. More particularly, ratchet mechanism 115 is pro 
vided with a shift arm 116, and a stopper plate 117. Shift arm 
116 transmits rotation of shift shaft 70 to shift cam 113. At the 
same time, shift arm 116 regulates the stroke of shift shaft 70, 
and inhibits overrun of shift cam 113. Stopper plate 117 fixes 
shift cam 113 at a determined position. 
0073 - Control Portion 300 
0074 FIG. 7 is a block diagram of a control portion 300 
that controls engine unit 28. Control portion 300 includes an 
ECU (electronic control unit) 100 having a CPU 101. Shift up 
switch95a, shift down switch95b, a gear position sensor 103. 
drive circuits 104,107, a CDI (Capacitive Discharge Ignition) 
unit 105, a rotational position sensor 106, a holding circuit 
108, a memory device (memory) 109 and a warning lamp 110 
are connected to CPU 101. Warning lamp 110 is positioned on 
steering handle 20 or the like so as to be viewable by a rider 
seated on seat 16. 

0075 CDI unit 105 cuts ignition of engine 29 based on an 
ignition cut signal supplied via drive circuit 104 by CPU 101, 
thereby reducing power of engine 29. In addition, CDI unit 
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105 detects the speed of engine 29 (engine rotational speed), 
and supplies the detection result to CPU 101. 
0076 Gear position sensor 103 detects the gear position. 
The term “gear position' indicates the rotational position of 
shift cam 113. CPU 101 obtains the present gear position 
based on the rotational position of shift cam 113 (FIG. 6) 
detected by gear position sensor 103. 
0077 Actuator 75 is connected to drive circuit 107. Drive 
circuit 107 controls drive performs PWM (Pulse Width 
Modulation) control) of a motor 76 based on a control signal 
from CPU 101. Motor 76 generates driving force that rotates 
shift shaft 70 based on a control signal from drive circuit 107. 
As a result, shift shaft 70 rotates, and a clutch operation of 
variable speed clutch 37 and a gear change are performed. 
The rotational position of shift shaft 70 is detected by rota 
tional position sensor 106 that is connected to CPU 101. 
Rotational position sensor 106 may directly or indirectly 
detect the rotational position of shift shaft 70. 
0078 Motorcycle 10 includes a power supply 200, a main 
switch 201, a main relay 202, a power supply holding/power 
supply cutting circuit 203. Power supply 200 is connected to 
ECU 100 via main switch 201 and main relay 202 and Sup 
plies a power supply voltage to ECU 100. In addition, power 
supply 200 supplies a holding voltage to holding circuit 108 
via power Supply holding/power Supply cutting circuit 203. 
(0079 Main switch 201 is used to start motorcycle 10. 
When main switch 201 is turned ON, a voltage is supplied to 
main relay 202 and power Supply holding/power Supply cut 
ting circuit 203 from power supply 200. Main relay 202 is 
provided with an exciting coil and contacts. When power 
Supply Voltage is Supplied to an exciting coil from main 
switch 201, the contacts are placed in an on state, whereby 
power supply voltage is also supplied to ECU 100. As a result, 
motorcycle 10 starts. 
0080 Power supply holding/power supply cutting circuit 
203 is configured by a Voltage regulating diode or the like. 
When the power supply voltage supplied via main switch 201 
is equal to or more than a determined Voltage, power Supply 
holding/power Supply cutting circuit 203 Supplies the holding 
voltage to holding circuit 108. On the other hand, when the 
power Supply Voltage is less than the determined Voltage, 
power Supply holding/power Supply cutting circuit 203 stops 
Supplying Voltage to holding circuit 108. 
I0081 —Explanation of an Outline of a Shift Operation 
(Shift Change)— 
I0082. A shift operation (shift change) is now explained. 
When shift up switch95a or shift down switch95b is manu 
ally operated, variable speed clutch 37 is disengaged, a gear 
change is performed, and variable speed clutch 37 is engaged 
electrically. 
I0083. More particularly, when shift switch95 is operated, 
a control signal is input to drive circuit 107 from CPU 101. 
Drive circuit 107 drives actuator 75 based on the control 
signal. When actuator 75 is driven, shift shaft 70 rotates. As a 
result of shift shaft 70 rotating, a disengagement operation of 
variable speed clutch 37, a gear change, and an engagement 
operation of variable speed clutch 37 are performed in series 
as described below. 
I0084 (Disengagement Operation of Variable Speed 
Clutch 37) 
I0085 First, the disengagement operation of variable speed 
clutch 37 is performed along with rotation of shift shaft 70. 
More specifically, when shift up switch 95a or shift down 
switch 95b is operated, the control signal is output to drive 
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circuit 107 from CPU 101. Drive circuit 107 controls drive of 
motor 76 based on the control signal. As a result, shift shaft 70 
rotates. Clutch transmission mechanism 40 is thenactuated in 
association with rotation of shift shaft 70. Variable speed 
clutch 37 is disengaged due to the actuation of clutch trans 
mission mechanism 4.0. 
I0086 More particularly, torque converting mechanism 
270 of FIG. 5 is actuated in association with rotation of shift 
shaft 70. More specifically, first cam plate 283 rotates in 
association with rotation of shift shaft 70, and second cam 
plate 284 does not rotate in association with shift shaft 70. 
Thus, first cam plate 283 rotates relative to second cam plate 
284. At this time, balls 287 move in the circumferential direc 
tion along cam grooves 286 of second cam plate 284 while 
engaged with cam grooves 285 of first camplate 283. As shift 
shaft 70 rotates still further, balls 287 pass out of cam grooves 
286 and move to the outside of cam grooves 286. As a result, 
second cam plate 284 and boss 289 move in a direction away 
from first cam plate 283. The movement of boss 289 causes 
the left end section of pressure lever 219 and the pressure 
plate to be pressed toward the left (FIG. 4). 
I0087. As can be seen from FIG. 4, pressure lever 219 is 
swingably supported by support shaft 295. Thus, when the 
left end section of pressure lever 219 is pressed to the left, first 
push rod 527 is moved to the right by the right end section of 
pressure lever 219. As a result, first push rod 527 moves 
toward the right, whereby ball 528 and second push rod 529 
are also pushed by first push rod 527 and thus moved to the 
right. 
0088 As a result of second push rod 529 moving to the 
right, pressure plate 37c moves to the right in resistance to the 
urging force of compression spring 60. Therefore, the pres 
surized abutting state of friction plates 39a and clutch plates 
39b is released, and variable speed clutch 37 is disengaged. In 
other words, rotation of crank shaft 30 is not transmitted to 
main shaft 44. 
I0089 (Gear Change) 
0090. As described above, when shift shaft 70 reaches the 
determined angle (a clutch disengagement start angle), Vari 
able speed clutch 37 is disengaged. Once the clutch disen 
gagement start angle is exceeded, and shift shaft 70 rotates 
still further to reach a shift start angle, gear selection mecha 
nism 4 is activated to start gear change. 
0091. Until the rotational position of shift shaft 70 reaches 
the shift start angle, even if shift shaft 70 rotates, shift cam 113 
(FIG. 6) does not rotate. However, when the rotational posi 
tion of shift shaft 70 exceeds the shift start angle, shift cam 
113 starts to rotate along with rotation of shift shaft 70. Shift 
cam 113, as described above, is connected to shift shaft 70 via 
ratchet mechanism 115. Each time shift shaft 70 rotates a 
determined angle, shift cam 113 rotates. When shift cam 113 
rotates, slide rods 112a, 112b and shift forks 111a, 111b move 
in the axial direction of shift cam 113 in accordance with the 
shape of cam groove 113a. As a result, each of speed change 
gears 46, 47 is appropriately moved in the axial direction. 
Thus, the speed change gears 46, 47 used to transmit driving 
force from main shaft 44 to drive shaft 45 are selected, and the 
gear change is performed. 
0092 (Engagement Operation of Variable Speed Clutch 
37) 
0093. After the gear change is completed, shift shaft 70 
rotates backwards to a reference angle position. Backward 
rotation of shift shaft 70 causes clutch transmission mecha 
nism 40 to be activated again, and variable speed clutch 37 to 
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be engaged. More particularly, backward rotation of shift 
shaft 70 causes second push rod 529 to move toward the left. 
Thus, the urging force of compression spring 60 causes pres 
sure plate 37c to move to the left. As a result, friction plates 
39a and clutch plates 39b are once again placed in a pressur 
ized abutting state, and variable speed clutch 37 is engaged. 
0094. The shift operation (shift change) is achieved by the 
above-described disengagement operation of variable speed 
clutch 37, gear change and engagement operation of variable 
speed clutch 37. 
(0095 - Detailed Explanation of Shift Operation (Partial 
Clutch Engagement Control)— 
0096. The shift change is now explained in more detailed 
while focusing on the rotational position of shift shaft 70. As 
can be seen from FIG. 8, when shift up switch95a is operated, 
shift shaft 70 performs a reciprocating rotary motion in which 
shift shaft 70 rotates (reverse rotates) as far as a rotational 
position 0, and then returns back to the reference angle 
position (0°). On the other hand, in when shift down switch 
95b is operated, shift shaft 70 performs a reciprocating rotary 
motion in which shift shaft 70 rotates (forward rotates) as far 
as a rotational position 0, ... and then returns back to 
the reference angle position (0°). While this reciprocating 
rotary motion of shift shaft 70 is performed, disengagement 
of variable speed clutch 37, gear change, and engagement of 
variable speed clutch 37 are performed. A target rotational 
position 0, is set to be smaller than a limit rotational 
position 0x of shift shaft 70, and is set to be a rotational 
position that allows gear box 38 to fully engage when an 
up-shift is being performed. 0, ... is set to be smaller the 
a limit rotational position 0- of shift shaft 70, and is 
set to be a rotational position that allows gearbox 38 to fully 
engage when a down-shift is being performed. 
(0097. More particularly, when shift up switch95a is oper 
ated (FIG. 7), as can be seen from FIG.9, shift shaft 70 rotates 
toward a target rotational position 0, at a maximum 
rotation speed by actuator 75 (t11 to t12). After shift shaft 70 
reaches target rotational position 0, the rotational posi 
tion of shift shaft 70 is held at target rotational position 0. 
(up) from tl2 to t13. During the period t11 to t13, variable 
speed clutch 37 is disengaged, and thereafter the gear change 
is performed. Between till and t12, shift shaft 70 does not 
necessarily have to rotate at the maximum rotation speed. For 
example, shift shaft 70 may rotate at a rotation speed that is 
slower than the maximum rotation speed. However, from the 
point of view of rapidly completing the shift change, it is 
favorable that shift shaft 70 rotates at the maximum rotation 
speed. 
(0098 Next, shift shaft 70 rotates backward toward a target 
rotation position 0, at the maximum rotation speed (t13 
to t14). Between tl3 and t14, it is not essential for shift shaft 
70 to rotate at the maximum rotation speed. However, from 
the point of view of completing shift change rapidly, it is 
favorable that shift shaft 70 rotates at the maximum rotation 
speed. As a result, the interval between friction plates 39a and 
clutch plates 39b is gradually reduced. 
(0099. After the rotational position of shift shaft 70 reaches 
target rotation position 0,..., next, partial clutch engage 
ment control is performed until a target rotation position 0. 
(up) is reached (t14 to t15). Here, target rotation position 
Omeet (up) is the rotational position of shift shaft 70 at which 
variable speed clutch 37 moves from a disengaged State to a 
partial clutch engagement state. More particularly, target 
rotation position 0meet (up) is the rotational position of shift 
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shaft 70 at which clutch boss 37a starts to rotate along with 
clutch housing 37b. More specifically, actuator 75 is con 
trolled such that the rotational speed of shift shaft 70 becomes 
slower than the maximum rotation speed betweentl4 and t15. 
0100 More particularly, actuator 75 is controlled to cause 
shift shaft 70 to rotate at a rotation speed at which shift shock 
is not generated by variable speed clutch 37 Suddenly engag 
ing, and at which a state does not occur where variable speed 
clutch 37 does not ever engage. Target rotation position 0. 
(up) is the rotational position of shift shaft 70 at which variable 
speed clutch 37 is completely engaged. More particularly, 
target rotation position 0, is the rotational position of 
shift shaft 70 at which clutch housing 37b and clutch boss 37a 
start to rotate at the same rotational speed. 
0101. After the rotational position of shift shaft 70 reaches 
target rotation position 0, ... shift shaft 70 rotates as far as 
the reference position (O) at the maximum rotation speed 
(t15 to t16). Between tl5 and t16, shift shaft 70 does not 
necessarily have to rotate at the maximum rotation speed. 
However, from the point of view of rapidly completing the 
shift change, it is favorable that shift shaft 70 rotates at the 
maximum rotation speed. 
0102. In the case of shifting down, as shown in FIG. 10, the 
rotational direction of shift shaft 70 is opposite to that in the 
case of shifting up. First, when shift down switch 95b is 
operated, shift shaft 70 rotates toward a target rotational posi 
tion Omax (down) at the maximum rotation speed t21 to t22). 
After shift shaft 70 reaches target rotational position 0. 
(don), the rotational position of shift shaft 70 is held at target 
rotational position 0, ... between t22 to t23. During the 
period t21 to t23, variable speed clutch 37 is disengaged, and 
thereafter the gear change is performed. Next, shift shaft 70 
rotates in the opposite direction toward a target rotation posi 
tion 0, at the maximum rotation speed (t23 to t24). 
After the rotational position of shift shaft 70 reaches target 
rotation position 0,..., partial clutch engagement con 
trol is performed until a target rotation position 0, ... is 
reached (t24 to t25). After the rotational position of shift shaft 
70 reaches target rotation position 0, ... shift shaft 70 
rotates as far as the reference position (O) at the maximum 
rotation speed (t25 to t26). In the case of shifting down, 
between t21 and t22, between t23 and t24, and t25 and t26, 
shift shaft 70 does not necessarily have to rotate at the maxi 
mum rotation speed. However, from the point of view of 
rapidly completing the shift change, it is favorable that shift 
shaft 70 rotates at the maximum rotation speed during each 
period. 
0103) As described above, partial clutch engagement con 

trol is performed to reduce shift shock and to perform shift 
change in a short time period. 
0104 - Measuring the Area of Play of Shift Shaft 70 
(Initial Check)— 
0105 (Measurement Principle) 
0106 The measurement of an area of play of shift shaft 70 
that is performed when starting motorcycle 10 is now 
explained. In overall terms, the measurement of the area of 
play of shift shaft 70 that is performed when starting motor 
cycle 10 involves measuring the area of play of shift shaft 70 
when engine 29 is started in order to confirm the partial clutch 
engagement region. The phrase “partial clutch engagement 
region' indicates the rotational position range of shift shaft 70 
in which variable speed clutch 37 is in a partially engaged 
state. In the following explanation, the “measurement of the 
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area of play of shift shaft 70 that is performed when motor 
cycle 10 is started will be referred to as the initial check. 
0107. In this embodiment, the area of play of shift shaft 70 

is detected using the change characteristics of drive torque 
that is necessary to rotate shift shaft 70. More particularly, as 
can be seen from FIG. 11, when the rotational position of shift 
shaft 70 is inside the area of play, shift shaft 70 rotates idly. As 
a result, the drive torque of shift shaft 70 is a constant low 
value. However, when the rotational position of shift shaft 70 
reaches a position at which torque converting mechanism 270 
starts to be actuated (a clutch release starting position), the 
drive torque Suddenly becomes larger. This phenomenon is 
used to measure the rotational range of shift shaft 70 that is 
within the range where the drive torque of shift shaft 70 is 
constantly low, whereby the area of play of shift shaft 70 is 
detected. 
0.108 More particularly, first, a low current that is not 
Sufficient to actuate torque converting mechanism 270 is 
applied to actuator 75. Thus, shift shaft 70 starts to rotate 
within the area of play. However, once the clutch release 
starting position is reached, shift shaft 70 stops. The rotational 
position at which shift shaft 70 stops is detected by rotational 
position sensor 106, and the detection result is used as a basis 
for detecting the area of play. 
0109 (Procedure for Measuring the Area of Play) 
0110 FIGS. 12 and 13 show the flow of an area of play 
measurement process that is performed by ECU 100. The area 
of play measurement process is started in response to main 
switch 201 being turned ON. In other words, the area of play 
measurement process is performed when engine 29 is started. 
0111. When the area of play measurement process is 
started, first, warning lamp 110 shown in FIG. 7 is lit or made 
to flash (step S1). As a result, the rider is notified that the area 
of play measurement process is being performed. 
0112 Next, a shift change disabling flag is set to ON (step 
S2). While the shift change disabling flag is set to ON, even if 
shift switches 95 are operated, actuator 75 is not driven. In 
other words, step S2 regulates the shift change operation. 
0113. Then, the above-described low current is supplied to 
actuator 75, whereby shift shaft 70 is caused to rotate from the 
reference position in a determined direction (step S3). The 
low current is a current that is not sufficient to actuate torque 
converting mechanism 270. In the description that is given 
below, as shown in FIG. 14, shift shaft 70 is rotated in the 
normal direction. However, shift shaft 70 may be rotated in 
the backward direction. 

0114. Next, it is determined whether the rotational posi 
tion of shift shaft 70 has passed beyond a determined range 
(step S4). In step S4, if the rotational position of shift shaft 70 
has passed beyond the determined range, there is a possibility 
that an abnormality of torque converting mechanism 270 or 
the like has occurred. Thus, if the rotational position of shift 
shaft 70 has passed beyond the determined range, the mea 
surement is cancelled (step S16). On the other hand, if the 
rotational position of shift shaft 70 is within the determined 
range in step S4, the routine proceeds to step S5. 
(0.115. In step S5, it is determined whether or not shift shaft 
70 has stopped rotating. If shift shaft 70 has not stopped, the 
routine returns to step S4 again, where it is determined 
whether or not the rotational position of shift shaft 70 has 
passed beyond the determined range. On the other hand, in 
step S5, if it is determined that rotation of shift shaft 70 has 
stopped, the rotational position of shift shaft 70 at that time is 
obtained as a first position 0a (step S6). Whether or not the 
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rotation of shift shaft 70 has stopped can easily be determined 
based on, for example, detecting the position of shift shaft 70 
using rotational position sensor 106 and then determining 
whether this position changes during elapse of a determined 
time, or the like. 
0116. Next, the low current is supplied to actuator 75 
thereby causing shift shaft 70 to rotate in the opposite direc 
tion from the rotational direction in step S3 (step S7). Then, it 
is determined whether or not the rotational position of shift 
shaft 70 has passed beyond a determined range (step S8). If 
the rotational position of shift shaft 70 has passed beyond the 
determined range, there is a possibility that an abnormality of 
torque converting mechanism 270 or the like has occurred. 
Thus, if the rotational position of shift shaft 70 has passed 
beyond the determined range, the measurement is cancelled 
(step S16). On the other hand, if the rotational position of shift 
shaft 70 is within the determined range, the routine proceeds 
to step S9. 
0117. In step S9, it is determined whether or not shift shaft 
70 has stopped rotating. If shift shaft 70 has not stopped, the 
routine returns to step S8, where it is determined whether or 
not the rotational position of shift shaft 70 has passed beyond 
the determined range. On the other hand, if rotation of shift 
shaft 70 has stopped, the rotational position of shift shaft 70 at 
that time is obtained as a second position 6b (step S10). 
0118. Next, the area of play is calculated (step S11). More 
particularly, the absolute value of the difference of first posi 
tion 0a obtained in step S6 shown in FIG. 12 and second 
position 6b obtained in step S10 is taken and calculated to be 
the area of play. The calculated area of play is then memorized 
in memory device 109 (step S12). The calculated area of play 
may be memorized in a ROM or the like that is provided 
separately from memory device 109. 
0119) Next, ECU 100 supplies a current to actuator 75, 
thereby returning shift shaft 70 to the reference position (0°) 
(step S13). Warning lamp 110 is then turned off (step S14), 
and the shift change disabling flag is set to OFF (step S15). 
With this processing, the area of play measurement process is 
ended. 
0120 —Control of the Shift Operation based on the Initial 
Check— 
0121. In this embodiment, when engine 29 is being 
started, the shift change is controlled based on the area of play 
detected by the initial check performed as described above. 
More particularly, the shift operation is controlled such the 
partial clutch engagement control is definitely performed in 
the confirmed partial clutch engagement region. More spe 
cifically, the timing at which the rotational speed of shift shaft 
70 becomes slower (t14, t24) and the timing at which the 
rotational speed of shift shaft 70 becomes faster again (t15, 
t25) are determined by the confirmed partial clutch engage 
ment region (also refer to FIG.9 and FIG. 10). In the follow 
ing explanation, during the time when motorcycle 10 is being 
started, correction values of timings t14, t24, t15 and t25 are 
indicated by the general term “correction value AT (t=0). 
0122) More concretely, the timing at which the rotational 
speed of shift shaft 70 becomes slower (t14, t24) and the 
timing at which the rotational speed of shift shaft 70 becomes 
faster again (t15, t25), namely, correction value AT (t=0), is 
determined in the following manner. 
0123. The correlation of the degree of play measured by 
the initial check and the correction value AT (t=0) (hereinafter 
referred to as the “correction value correlation') is stored in 
memory device 109 in advance. CPU 101 reads the correction 
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value correlation, and the area of play obtained by the initial 
check from memory device 109. CPU 101 uses the read 
correction value correlation as a basis for determining from 
the area of play the correction value AT (t=0) at the time when 
motorcycle 10 is started. Then, a control signal that corre 
sponds with the determined correction value AT (t=0) is out 
put to drive circuit 107. As a result, the partial engagement 
clutch control is favorably performed in accordance with the 
area of play. 
0.124. There may be a difference between a correction 
value AT14 (AT24) from a reference timing (t14, t24) at 
which the rotational speed of shift shaft 70 becomes slower 
and a correction value AT15 (AT25) from a reference timing 
(t15, t25) at which the rotational speed of shift shaft 70 
becomes faster at the time when motorcycle 10 is being 
started. Alternatively, correction values AT14 (AT24) and 
AT15 (AT25) may be the same. In other words, the correction 
value AT (t=0) may be determined such that the period during 
which partial clutch engagement control is performed is var 
ied, or such that the period during which partial clutch 
engagement control is performed is always constant. For 
example, a configuration could be adopted in which correc 
tion value AT14 (A24) is set to a value other than 0, and AT15 
(A25) is set at a fixed value of 0. 
0.125 —Control of the Shift Operation based on Tempera 
ture of Gear Box 38 - 
I0126. In addition to controlling the shift operation based 
on the above-described initial check, the shift operation may 
also be controlled based on a temperature of gear box 38. 
More particularly, during running, at least one of the timing at 
which the rotational speed of shift shaft 70 becomes slower 
(t14, t24) and the timing at which the rotational speed of shift 
shaft 70 becomes faster again (t15, t25) may be corrected 
based on the temperature of gearbox 38 such that, at the least, 
the rotational speed of shift shaft 70 while variable speed 
clutch 37 is in a partially engaged State becomes slower than 
the rotational speed of shift shaft 70 at other times. 
I0127. In this embodiment, both the timing at which the 
rotational speed of shift shaft 70 becomes slower (t14, t24) 
and the timing at which the rotational speed of shift shaft 70 
becomes faster again (t15, t25) are corrected based on the 
same correction coefficient AT(t). However, the embodiment 
is not limited to this configuration. The timing at which the 
rotational speed of shift shaft 70 becomes slower (t14, t24) 
and the timing at which the rotational speed of shift shaft 70 
becomes faster again (t15, t25) may be corrected based on 
different correction coefficients AT(t). Alternatively, just the 
timing at which the rotational speed of shift shaft 70 becomes 
slower (t14, t24) may be corrected. 
I0128 (More Specific Control Details) 
I0129. In this embodiment, the temperature of gearbox 38 
is not measured using a temperature sensor or the like. The 
correction value AT is calculated based on the speed of engine 
29 and a driven time of engine 29 because the speed of engine 
29 and an elapsed time from when engine 29 was started 
(driven period) correlate with the temperature of gearbox 38. 
and the temperature of gearbox 38 correlates with the area of 
play. In other words, the correction value AT is calculated 
using a temperature of gearbox 38 that is estimated based on 
the speed of engine 29 and the driven time of engine 29. 
0.130 More particularly, in this embodiment, the range of 
the speeds that engine 29 can reach is divided into a plurality 
of regions, and a correction function AT(t) when the speed of 
engine 29 is in each speed region is memorized in advance in 
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memory device 109 shown in FIG. 7. Then, CPU 101 reads 
the correction functions AT(t), and uses the read correction 
functions AT(t) to calculate the correction value AT. How 
ever, the invention is not limited to this configuration, and, for 
example, a single correction function AT(t) that does not have 
any relationship to the speed of engine 29 may be used to 
calculate the correction value AT. 

0131 FIG. 15 is a graph of the correction function AT(t). 
As can be seen from FIG. 15, four correction functions, 
namely, AT(t)1-AT(t)4 are set. AT(t)1 is the correction func 
tion when the speed of engine 29 is highest. AT(t)4 is the 
correction function when the speed of engine 29 is lowest. 
Each correction function AT(t)1-AT(t)4 is a function starting 
from AT (t=0) that is computed by the initial check. The 
various respective correction functions AT(t)1-AT(t)4 with 
respect to AT (t=0) are all memorized in memory device 109, 
and the functions starting from AT (t=0) computed by the 
initial check are appropriately selected and read by CPU 101. 
0.132. In the following explanation, when a speed r of 
engine 29 is equal to or less than R1, AT(t)1 is applied, as 
shown in FIG. 17. When speed r is larger than R1 and equal to 
or less than R2, AT(t)2 is applied. When speed r is larger than 
R2 and equal to or less than R3, AT(t)3 is applied. And, when 
speed r is larger than R3, AT(t)4 is applied. The correction 
functions AT(t) 1-AT(t)4 may be measured experimentally. 
0133. As described above, CDI unit 105 detects the engine 
speed. CPU 101 uses the engine speed detected by CDI unit 
105 to calculate an average value (average engine speed) of 
the engine speed for each of a determined period. In addition, 
in CPU 101, the correction function that accords with the 
speed region to which the calculated average engine speed 
belongs is used as a basis for calculating the correction value 
AT for the corresponding determined period. 
0134) For example, when the calculated average engine 
speed r is equal to or less than R1, in the period during which 
the average engine speed was calculated, the correction value 
AT is calculated based on correction function AT(t)1. When 
the calculated average engine speed r is more than R2 and 
equal to or less than R3, in the period during which the 
average engine speed was calculated, the correction value AT 
is calculated based on correction function AT(t)3. The fre 
quency at which the average engine speed is calculated is not 
particularly limited. For example, the average engine speed 
may be calculated at periods of a few hundreds of a second. 
0135 A concrete example is now explained with reference 

to FIGS. 15 and 16. When the average engine speed detected 
by CDI unit 105 is determined by CPU 101 to belong to R1 
during the period from t0 when motorcycle 10 is started to 
t31, the correction value AT is calculated based on correction 
function AT(t)1 in the period from t0 to t31. More specifically, 
the section from point to of AT(t)1 to point A is applied. As a 
result, the correction value at t31 is calculated to be ATX as 
shown in FIG. 16. 

0136. When the average engine speed detected by CDI 
unit 105 is determined by CPU 101 to belong to R2 during the 
time from t31 to t32, the correction value AT is calculated 
based on correction function AT(t)2 in the period from t31 to 
t32. More particularly, the correction value AT is calculated 
based on the section of correction function AT(t)2 from point 
B that has correction value ATX that is the same as that of 
point A shown in FIG. 15 as far as point Cafter elapse of the 
period (t32-t31) from point B. As a result, as shown in FIG. 
16, the correction value at t31 is set to ATy. 
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0.137 When the average engine speed detected by CDI 
unit 105 is determined by CPU 101 to belong to R3 during the 
time from t32 to t33, correction value AT is calculated based 
on correction function AT(t)3 in the period from t32 to t33. 
More particularly, the correction value AT is calculated based 
on the section of correction function AT(t)2 from point D that 
has correction value ATy that is the same as that of point C 
shown in FIG. 15 as far as point E after elapse of the period 
(t33-t32) from point D. As a result, as shown in FIG. 16, the 
correction value at t32 is set to ATZ. 
0.138. After t33, in the case that the average engine speed 
detected by CDI unit 105 is determined by CPU 101 to belong 
to R4, after t33 the correction value AT is calculated based on 
correction function AT(t)4. More particularly, the correction 
value AT is calculated based on the section of correction 
function AT(t)2 from point F that has correction value ATZ 
that is the same as that of point E shown in FIG. 15. As 
described above, in CPU 101 the correction value AT is 
regularly calculated. In addition, CPU 101 performs partial 
clutch engagement control in accordance with the calculated 
correction value AT, namely, the degree of play. 
0.139. However, after the temperature of gear box 38 has 
increased to a constant temperature (maximum temperature), 
the temperature becomes roughly stable. As a result, the area 
of play of shift shaft 70 does not change after variable speed 
clutch 37 reaches the maximum temperature. Accordingly, it 
is sufficient if the above-described calculation of the average 
engine speed and the calculation of the correction value AT 
are performed until variable speed clutch 37 reaches the 
maximum temperature. More particularly, until the calcu 
lated correction value AT reaches correction value ATmax 
when variable speed clutch 37 reaches the maximum tem 
perature, the above-described calculation of the average 
engine speed and the calculation of the correction value AT 
are performed. After this, the finally calculated correction 
value AT may be continually applied until engine 29 is 
stopped. Furthermore, even if the correction value ATmax is 
not reached, the calculation of the average engine speed and 
the calculation of the correction value AT may be cancelled 
after a determined time has elapsed (for example, 2 hours) 
from when engine 29 was started. For example, even if the 
correction value ATmax is not reached, when 2 hours have 
elapsed from when engine 29 was started, the calculation of 
the average engine speed and the calculation of the correction 
value AT may be cancelled. 
0140 —Operation and Effects— 
0.141. As described above, actuator 75 is controlled based 
on the temperature of gear box 38. Accordingly, if the area of 
play of shift shaft 70 changes due to temperature change of 
gear box 38 during continuous running, thereby causing the 
timing at which variable speed clutch 37 enters the partially 
engaged state to change or the period during which variable 
speed clutch 37 is in the partially engaged state to change, 
control is constantly performed Such that the rotational speed 
of shift shaft 70 becomes slower when variable speed clutch 
37 is in the partially engaged state. Accordingly, shift shock 
during continuous running is effectively reduced. 
0142. With a manual transmission in which shift change is 
performed by a rider operating the shift pedal, because the 
rider adjusts operation of the shift pedal, there are times when 
adjustment of the operation of the shift pedal is not performed 
appropriately depending on the degree of proficiency of the 
rider. However, according to the present invention, control of 
actuator 75 is automatically performed based on the tempera 
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ture of gear box 38. Thus, regardless of the degree of experi 
ence of the rider, control of the shift operation is performed 
appropriately. 
0143 Because this method of reducing shift shock by 
controlling actuator 75 based on the temperature of gearbox 
38 is used, there is no need for a plurality of sensors and the 
structure of transmission 1 is not complicated. In addition, the 
cost of transmission 1 is not increased Substantially. More 
particularly, because shift shock is reduced by controlling 
actuator 75 based on the temperature of gear box 38, shift 
shock during continuous running is effectively reduced with 
out Substantially increasing the cost of transmission 1. 
0144. For example, if the temperature of gearbox 38 were 
actually measured to control actuator 75, it would be neces 
sary to provide a temperature sensor. As a result, the cost of 
transmission 1 would be increased. In the present invention, 
by contrast, control of actuator 75 is based on engine speed 
and the driven period of engine 29 that have a correlation with 
the temperature of gear box 38, and correction functions that 
are memorized in advance in memory device 109. As a result, 
a separate temperature sensor or the like for measuring the 
temperature of gearbox 38 is not necessary. Accordingly, the 
number of components is comparatively fewer, and transmis 
sion 1 can be made at a reasonable price, thereby allowing 
motorcycle 10 to be provided at a reasonable price. 
0145 For example, in the case that, after engine 29 has 
been stopped, engine 29 is started again while the remaining 
heat of gear box 38 has not yet been fully dissipated, the area 
of play of shift shaft 70 when engine 29 is started again is 
different from the area of play of shift shaft 70 when gearbox 
38 is at a normal temperature. Thus, the temperature of gear 
box 38 is not necessarily constant when engine 29 is started. 
Therefore, the area of play of shift shaft 70 is not necessarily 
constant when engine 29 is started. Accordingly, if actuator 
75 is controlled based on the engine speed and the driven 
period of engine 29 and the correction functions, there is a 
possibility that shift shock immediately after engine 29 is 
started again will become larger. 
0146 In order to address this difficulty, in addition to the 
above-described control of actuator 75 based on the tempera 
ture of gearbox 38, the shift operation is also controlled based 
on the initial check. As a result, the area of play of shift shaft 
70 when engine 29 is started is accurately detected. In addi 
tion, the detection area of play of shift shaft 70 is used as a 
basis for performing control of the shift operation based on 
the temperature of gear box 38 thereafter. Accordingly, more 
accurate partial clutch engagement control is performed. and 
shift shock during continuous running is effectively reduced. 
0147 The area of play of shift shaft 70 will change with 
the passing of time due to deterioration of variable speed 
clutch 37. Thus, as the use period of the vehicle becomes 
comparatively longer, the engagement state of variable speed 
clutch 37 changes. Further, as the use period of the vehicle 
becomes comparatively longer, the shift shock becomes 
larger. However, it is not possible to deal with this age-related 
change in the engagement state of variable speed clutch 37 by 
just using the above-described control of actuator 75 based on 
the temperature of gear box 38. 
0148. In this embodiment, the control of the shift opera 
tion based on the initial check is performed in combination. 
As a result, changes in the area of play of shift shaft 70 caused 
by deterioration of variable speed clutch 37 can also be dealt 
with. For example, if there is wear of friction plates 39a and 
clutch plates 39b due to long term use, friction between 
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friction plates 39a and clutch plates 39b reduces, thereby 
changing the area of play of shift shaft 70 as compared to 
before. Typically, the area of play of shift shaft 70 increases 
with age. Thus, if the initial check is not performed, it is not 
possible to accurately detect the area of play of shift shaft 70 
during running. As a result, there is a possibility that the shift 
shock during running will increase. However, in contrast to 
this, in this embodiment, because the initial check is per 
formed when engine 29 is started, changes in the area of play 
of shift shaft 70 caused by deterioration of variable speed 
clutch 37 are accurately detected. Therefore, even if variable 
speed clutch37 has deteriorated, shift shock during running is 
effectively reduced. 
0149. In this embodiment, the initial check is performed 
only when engine 29 is started. However, the initial check 
may be performed on a regular basis after engine 29 has been 
started. In addition, the rider may choose to perform the initial 
check on a discretionary basis. For example, if the rider 
senses during running that shift shock has increased, the 
initial check may be performed. Moreover, the area of play of 
shift shaft 70 obtained as a result of the initial check may be 
used for various uses other than the above-described control 
of the shift operation, Such as for checking for abnormalities 
of motorcycle 10 or the like. 
0150. In this embodiment, an example has been given in 
which both control of the shift operation based on the initial 
check and control of the shift operation based on the tempera 
ture of gear box 38 are performed. However, a configuration 
may be adopted in which control of the shift operation based 
on the temperature of gearbox 38 is independently performed 
to reduce shift shock during continuous running. However, as 
described above, taking into consideration the temperature of 
gear box 38 when engine 29 is started and deterioration of 
variable speed clutch 37, control of the shift operation based 
on the initial check is preferably used in combination. 
0151. In addition, partial clutch engagement control may 
be performed throughout all shift changes, or just for shift 
changes from one specific gear to another gear. Furthermore, 
a configuration may be adopted in which, when the partial 
clutch engagement control is not performed, the above-de 
scribed control of actuator 75 based on the temperature of 
gear box 38 is not performed when a shift change is per 
formed. Further, even when partial clutch engagement con 
trol is performed, depending on the content of the partial 
clutch engagement control, control of actuator 75 based on 
temperature of gear box 38 need not be performed. For 
example, when shifting up from first speed to second speed or 
from second speed to third speed when the gear ratio is 
comparatively high, and when shifting down from each gear 
ratio, the partial clutch engagement control may be performed 
along with the control of actuator 75 based on the temperature 
of gear box 38. 
0152. In addition, the rotational speed of shift shaft 70 
during the partial clutch engagement control can be set appro 
priately. For example, the rotational speed of shift shaft 70 
during the partial clutch engagement control may be set to 
differ in accordance with the temperature of gearbox 38. For 
example, the rotational speed of shift shaft 70 during the 
partial clutch engagement control when the temperature of 
gearbox 38 is high may be set to be faster than that when the 
temperature of gear box 38 is low. On the other hand, the 
rotational speed of shift shaft 70 during the partial clutch 
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engagement control when the temperature of gear box 38 is 
high may be set to be slower than that when the temperature 
of gear box 38 is low. 
0153. Moreover, the rotational speed of shift shaft 70 dur 
ing the partial clutch engagement control may be changed 
appropriately in accordance with the gear ratio before and 
after the shift change. For example, the rotational speed of 
shift shaft 70 during the partial clutch engagement control 
when shifting up from first speed to second speed where the 
gear ratio is comparatively high may be set to be slower than 
that when shifting up from second speed to third speed when 
the gear ratio is comparatively low. 

MODIFIED EXAMPLES 

0154) In the above-described embodiment, an example is 
given in which a temperature sensor is not provided, and the 
temperature of gear box 38 is estimated based on the rota 
tional speed and the driven time of engine 29. However, the 
invention is not limited to this configuration, and a tempera 
ture sensor or the like may be provided to measure the tem 
perature of gear box 38. For example, a temperature sensor 
may be disposed on any one of the structural members of gear 
box 38, and the temperature measured by the temperature 
sensor may be used in control of actuator 75. Alternatively, 
the temperature measured by the temperature sensor may be 
used as a basis for estimating the temperature of gearbox 38. 
The temperature sensor may be disposed on, for example, 
crank case 35, main shaft 44 or clutch mechanism 2. Alter 
natively, since the temperatures of engine 29 and gearbox 38 
are correlated, the temperature sensor may be disposed on 
engine 29, and the temperature obtained used as a basis for 
estimating the temperature of gear box 38. 
0155 The temperature of gear box 38 may also be esti 
mated from the temperature of the lubricating oil. For 
example, an oil temperature sensor may measures the tem 
perature of the lubricating oil that lubricates gearbox 38, and 
the temperature measured thereby used as the temperature of 
gear box 38. Or, an oil temperature sensor that measures the 
temperature of the lubricating oil for engine 29 may be pro 
vided, and the temperature measured thereby used to estimate 
the temperature of gear box 38. Note that, the lubricating oil 
for engine 29 and the lubricating oil for gear box 38 may be 
commonly used. 
0156. In this manner, if a temperature sensor is provided to 
estimate the temperature of gear box 38 by measuring the 
temperature of a structural member of gear box 38 or the 
temperature of the lubricating oil, regardless of the speed of 
engine 29, the temperature of gear box 38 can be more accu 
rately estimated in real time. Accordingly, shift shock during 
continuous running is reduced more favorably. However, the 
cost of transmission 1 is increased by provision of a tempera 
ture sensor. Thus, the number of temperature sensors is pref 
erably kept as low as possible, and most preferably to just one 
temperature sensor. 
0157 For example, if the temperature of gear box 38 is 
estimated from the speed and the driven time of engine 29, the 
temperature of gear box 38 when engine 29 is started cannot 
be calculated. Thus, there is a possibility that shift shock will 
not be adequately reduced immediately after engine 29 is 
started again. Further, if the timing of the partial clutch 
engagement control when engine 29 is started is not appro 
priate, while engine 29 is being driven, it is not possible to 
perform the partial clutch engagement control in a better 
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manner as compared to when engine 29 is started. Accord 
ingly, the above-described initial check is preferably per 
formed in combination. 
0158. On the other hand, if a temperature sensor is used to 
measure the temperature of the structural member of gearbox 
38, because the temperature of gearbox 38 when engine 29 is 
started is estimated, even immediately after a time when 
engine 29 has been run continuously once, then stopped, and 
then started again, it is possible to more accurately control 
actuator 75. Accordingly, even if the initial check is not per 
formed, shift shock immediately after engine 29 has been 
started again can be reduced. 
0159. However, even when a temperature sensor is used to 
measure the temperature of the structural member of gearbox 
38, it is not possible to handle age deterioration of variable 
speed clutch 37. Thus, even when the temperature of the 
structural member of gear box 38 is measured using a tem 
perature sensor, the initial check is preferably used in com 
bination. 
0160 The particular embodiments of the invention 
described in this document should be considered illustrative, 
rather than restrictive. Modification to the described embodi 
ments may be made without departing from the spirit of the 
invention as defined by the following claims. 

1. A transmission that transmits power of an engine, com 
prising: 

a shift shaft; 
an actuator that causes the shift shaft to rotate; 
a gearbox including a gear shift mechanism that is actuated 

in association with rotation of the shift shaft, a clutch 
mechanism that connects and disconnects transmission 
of power from the engine to the gear shift mechanism in 
association with rotation of the shift shaft, and a case that 
houses the gear shift mechanism and the clutch mecha 
nism; and 

a control portion that controls the actuator based on a 
temperature of the gearbox. 

2. The transmission according to claim 1, wherein 
the clutch mechanism includes a clutch that connects and 

disconnects transmission of power from the engine to 
the gear shift mechanism, and a clutch transmission 
mechanism that actuates the clutch in association with 
rotation of the shift shaft, 

the clutch is lubricated by lubricating oil, and 
the control portion estimates the temperature of the gear 
box from a temperature of the lubricating oil. 

3. The transmission according to claim 2, further compris 
ing: 

an oil temperature sensor that measures the temperature of 
the lubricating oil. 

4. The transmission according to claim 1, wherein the 
control portion estimates the temperature of the gear box 
based on a number of revolutions per unit time of the engine 
and a driven time of the engine. 

5. The transmission according to claim 1, wherein the 
control portion measures an area of play of the shift shaft that 
is a rotational position range in which the clutch transmission 
mechanism is not driven even when the shift shaft rotates, and 
uses the measured area of play as a basis for controlling the 
actuatOr. 

6. The transmission according to claim 5, wherein the 
control portion measures the area of play of the shift shaft 
when the engine is being started. 
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7. The transmission according to claim 1, wherein the 
control portion calculates a rotational position range of the 
shift shaft when the clutch mechanism is in a partially 
engaged state based on the temperature of the gearbox, and 
controls the actuator Such that, at the least, a rotational speed 
of the shift shaft in the calculated rotational position range is 
slower than a rotational speed of the shift shaft in other 
rotational position ranges. 

8. A straddle type Vehicle comprising the transmission 
according to claim 1. 

9. A control method for a transmission comprising a shift 
shaft; an actuator that causes the shift shaft to rotate; and a 
gearbox including a gear shift mechanism that is actuated in 
association with rotation of the shift shaft, a clutch mecha 
nism that connects and disconnects transmission of power 
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from the engine to the gear shift mechanism in association 
with rotation of the shift shaft, and a case that houses the gear 
shift mechanism and the clutch mechanism; the control 
method comprising controlling the actuator based on a tem 
perature of the gearbox. 

10. The control method for a transmission according to 
claim 9, further comprising: 

calculating a rotational position range of the shift shaft 
when the clutch mechanism is in a partially engaged 
state based on the temperature of the gearbox, and 

controlling the actuator Such that, at the least, a rotational 
speed of the shift shaft in the calculated rotational posi 
tion range is slower than a rotational speed of the shift 
shaft in other rotational position ranges. 

c c c c c 


